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Mr. J. Barton on the In flexion of Light. ~6:3 
AprilS, South; May 8, North-west; April 14, South; De- 
cember ~7, South. 
In the course of the year 1830, there were at St. Petersburg.- 
-90  days of rain; 68 days of snow; 10 days of thunder ; 
58 days during which the sky was entirely covered from 
morning till night; 218 days during which the sky was 
cloudy during the greatest part of the. day ; 14.?,.days of fog 
(these fogs were commonly produced m the morning, but less 
frequently in the evening, and they very seldom lasted beyond 
noon); and 28 days during which the sky was entirely clear 
from morning till "night. 
The last frost took place on the ztth of May.- -The first frost 
on the 14th of October. 
The thermometer rose above zeros 
For the first time on the 27th of February ;--and for the last 
time on the 28th of December. 
The day of the flood on the Neva, 21st of April.--The day 
of its being shut ups 1st of December. 
Aurora~ Boreales.--These meteors appeared on the evenings 
of the following days :--Feb. 24th ; March 18th ; May 5th ; 
Sept. 13, 17, 18~ and 19; Oct. 18 and 22; and Dec. 8 and 15. 
XL I I I .  On the In flexion of Light. By JoltN BARTO~, Esq.* 
S OME time ago I had the honour to submit to the Royal Society an account of a variety of experiments and obser- 
vations on the inflexion of light, which seemed to me strongly 
to indicate that light consists of material particles9 endued 
with a force of mutual repulsion+. I have since had the Sa- 
tisfaction to find that the possibility of explaining the phae- 
nomena of inflexion by the help of the same principle had 
suggested itself to tile mind of Sir David Brewster $. In the 
paper just mentioned, I did not enter into any discussion re- 
specting the theories of Young and Fresnel,--eontenting myself 
with a simple detail of the results of my own experiments, ac- 
companied by such explanatory observations as seemed need- 
ful to connect hem together, and render them intelligible; 
but I wish now to state some considerations which appear to 
me to be decisive against hose theories. 
The fundamental principle common to them both is this :~  
I f  two equal waves, moving in opposite directions, come into 
collision, they will destroy each other, and all further move- 
ment will cease; whereas, if they coincide in their direction, 
* Communicated by the Author. 
t An abstract of the paper here alluded to was given in Phil. Mag. and 
Annals, N.S. vol. x. p. 800: it has also been noticed by Prof. Powell, in 
vol. xi. p. 2.--EI)Ir. $ Life of Newton, p. 105. 
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264, Mr. J. Barton on the InJlexion of Light. 
they will form by their union a single wave of double force. 
Now light is supposed to consist of the undulations ofan ima- 
ginary elastic a~ther, as sound consists of undulations ofthe air. 
If therefore we suppose a ray entering into a darkened 
chamber through asmall orifice at A (see the following figure) 
to proceed forward in a direct line to Y, when it fails on a 
sheet of white paper; while another ay proceeding in the 
direction AK, is inflected at K by touching the edge of a 
knife, or other solid body, and turned into the direction KY, 
so as to fall on the same point Y as the former ay ;--then the 
effect produced by the joint action of these two rays will be 
different, accordingly as the lengths of their paths differ or not 
by an integral number of undulations. If the lengths of their 
paths differ by a half-undulation, or any odd number of half- 
undulations, they will destroy one another, and the spot Y will 
be dark. If the lengths of their paths differ by a whole un- 
dulation, or any number of whole undulations, they will coin- 
cide, and the spot Y will be of double brightness. And thus 
are explained the alternate bands of light and shade, which 
border the shadows of bodies placed in a small beam of light 
entering a darkened room. 
The lengths of the two rays AY, AKY, are always com- 
~ uted by Young and Fresnel from the point A, which they enominate he "origin of the rays :" or the "luminous point." 
But it appears to me that the true origin of the rays is at two 
points R, R', on the surface of the sun ; and that instead of 
comparing AY with AKY, we ought to compare R'Y with 
RKY. Now that this comparison should give the same re- 
sults as the former, ain other words, that the line RA should 
either be equal to RtA, or that their lengths hould always 
differ precisely by an integral number of undulations,--is evi- 
dently impossible. 
It will not be said, I presume, that the two rays RA, RtA, 
on entering through the small opening at A, exercise any 
mutual action on each other, so as to become in fact a single 
ray. Such a suggestion would be at variance with the whole 
theory of Huyghens, which necessarily assumes, as one of its 
fundamental principles, that any number of undulations may 
pass through each other without disturbance :--inconsistent, 
indeed, with well known facts, such as the perfect image of 
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Mr. J. Barton on the In flexion of Light. 26,5 
the crescent form of the sun during an eclipse, received through 
a pinhole in a darkened room; and the still more familiar fact 
of the distinct vision of a multitude of distant objects through 
a refracting telescope; since the rays proceeding from all those 
objects repeatedly cross one another in passing through the in- 
strument. 
Secondly. Though the theory of Fresnel agrees pretty well 
with the resultsof his own experiments, it is far from agreeing 
with the results of other experiments made by observers of" 
acknowledged accuracy. Sir Isaac Newton and M. Blot have 
each of them recorded a series of observations on the inflexion 
of light, which may be employed as tests of the accuracy of 
Fresnel's theory. Newton, havin~, admitted, a. beam of light 
through a hole the 42nd part of an inch m width, let it fall 
on a slit between the edges of two knives, at the distance of 
8 feet 5 inches. Placing a sheet of white paper behind the 
slit, he observed that the shadows formed by the edges of the 
knives were bordered with a succession of coloured fringes. 
Varying the width of the slit, he observed at what dist/mees 
the paper must be placed, so that the first of the dark inter- 
vals between these fringes, coming from either side, might 
cross one another in the centre of the spectrum *. Now, by 
the theory of Fresnel, any one of these observations should 
give us the length of the undulations upposed to constitute 
light; and of course that length will be the same when de- 
duced fi'om any other observation. The following Table will 
show how far this is from being the case. 
Distances of the paper 
fi'om the kuives 
in inches. 
1½ 
3~ 
82 
3~ 
96 
131 
Distance between 
the edge ofthe 
knives. 
.01~ 
-0~0 
.034 
.067 
.081 
.087 
Lengfllofan undula. 
tion by Fresnel's 
theory. 
.I)0001385 
.00001763 
.0000~075 
.00001901 
-00001896 
-00001888 
In all these observations the length of an undulation turns 
out smaller than it should be. According to Fresnel, the 
length of an undulation in red light is ...... "00002512 t inch. 
According to Young, it is . . . . . . . . . . . . . . . . . . . . .  "0000266 
In yellow light, the most luminous part of 
the prismatic spectrum, thelength of an 
undulation, according to Young, is ...... "0000235 
Whereas the highest value deduced from 
Newton's observations above, is no more 
than . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . .  "00002075 
Optics, Book Ill. Obs. ix. p. 105. t "000368 miliimetres 
Third Series. Vol. 2. No. 10. dyril 1833. 2 M 
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266 Mr. J. Barton on the Infwxion @Light. 
Indeed, these values are so much at variance with one another 
as to destroy all confidence in the theory ; since the difihrences 
are far greater than can be accounted for by any supposable 
errors of observation~ even had the observer been less remark- 
able for accuracy than Newton. This will appear clearly from 
the following Table, in which I have taken the length of an un- 
dulation such as it is given by the first of the above observa- 
tions, and then computed by Fresnel's method the distances of 
the knives from the paper in each of the succeeding observa- 
tions. 
Distances between the 
edges of the 
knives. 
-012 
.020 
.034 
.057 
-081 
"087 
Distances of the knives from the paper : 
j 
~ f  
By observations. 
1½ 
3~ 
32 
96 
131 
By Fresnel's theory. 
1.5 
4.28 
13.45 
49.8 
202. 
336. 
Still more are these observations at variance with Young's 
theory, which supposes the ph~enomena to depend on the in- 
terference of the two rays reflected from the edges of" the slit. 
In this case the centre of the spectrum would be always bright, 
the lengths of" those two .rays being equal. 
M. Blot's observations were made in red light *. He  has 
not mentioned the distance of the slit from the opening through 
which the light entered; but as the length of an undulation in 
red light is given by M. Fresnel, we may reverse the calcu- 
lation, and compute what this distance must have been fi'om 
the other data. I t  will be seen that the results given by the 
theory are impossible. 
Width of slit: 
in miUimetres% 
.25mm 
.50 
"75 
1"00  
1"25  
1"50 
1.75 
2.00 
Distance at which the 
first dark band cut 
the central xis. 
l~Ornm 
46 
120 
244 
404 
576 
922 
1071 
Distance of the slit ~om the 
opening by which the rays 
entered, by Fresnel's theory. 
_ 86 m*, 
--263 
--2791 
+2577 
+2525 
+3876 
+2630 
+5325 
In the first three observations, the distance of the slit from 
the opening in the window-shutter, as computed by Fresnel's 
hypothesis, here tm'ns out to be a negative quantity. In other 
words, this distance is greater than inffnit 3 ! 
I t  may be proper briefly to state the method by which these 
Trait~ de Physique, tom. iv. p. 757. t Ibid. page 764. 
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Mr. J. Barton on the lnjTexion of Light. 267 
computations are performed, referring necessarily to Fresnel's 
Memoir, in the 5th volume of the Memoirs of the National 
Institute, for further particulars; since it would scarcely be 
possible to explain the process at length without transcribing 
a considerable part of that memoir. 
Assuming the distance of tile slit fi'om the opening in the 
shutter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = a. 
The distance of the slit from the paper on which the 
rays are received . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  b. 
The width of the slit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c. 
The length of  an undulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = ;~. 
Then, according to Fresnel, the intensity of the light at the 
centre of  the spectrum varies as 
( f  dv cos qv') ~ + ( f  dv sin qv~) ~ 
q representing the fourth part of a circumference to radius l, 
and the integrals being each taken fi'om 
c Jg (a+b)  c /T (a+b)  
v = -~ abe .  , toy - -  g~/  ab) ,  " 
As these expressions do not admit of being integrated directly, 
the author has given a table of their numerical values for each 
value of v*.  Now we have to find the value of  v when the 
first dark band falls on the centre of the spectrum; in other 
words, the smallest value of  v at which the intensity of  the 
light becomes a minimum. On reference to the Table, it will be 
found that this value of  v is somewhere between 1"8 and 1"9 ; 
and by interpolation, for which purpose the theorem employed 
by the author t may be conveniently used, the exact value of v 
sought is 1"875; we have, therefore, 
2- c g(a+b) 1"875 = 7 abe. ' 
• Memoirs of the National Institute, vol. v. p 408. 
t " Supposing the curve which has for its ordinates the intensity of the 
light at three nearly adjacent points to coincide within that small space 
with a carve of the seeond egree, the positien of the least ordiaate will 
be given by the formula 
,p ,,z~-',p,z ~ 
- -  ~ ('p "z--"p'z' 
where z' and z" represent the distances of one of the extreme points from 
the two others; Ip and r~o the differences of their intensities, and z the 
distance of the same point from the minimum."--P. 435. 
It may be observed that l~his formula is not analytically exact. The 
true value of z is 
'p "z~--"p '•--'p '~0 ('P--"P_2) 
e('p"z--"p "~') 
but when the differences of intensity are not considerable, the last term 
may be neglected as evauescent. 
2M2 
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268 Mr. J. Barton on the Indqexion of Light. 
an equation from which it is evident hat the values of ~. or of 
a may be determined, the values of the other quantities being 
known. 
Thirdly. The theory of Fresnel is quite irreconeileable with 
another observation of Newton's, which I have frequently 
verified. When the interval between the two knife-blades i
very much diminished, the spectrum thrown on the paper ex- 
hibits a dark space in its centre. "When the distance of the 
edges was about the four hundredth part of an inch," says 
Newton, " the stream of light parted in the middle, and left 
a shadow between the two parts. This shadow was so black 
and dark that all the light which passed betweenthe knives 
seemed to be bent, and turned aside to the one hand or to 
the other. And as the knives still approached one another, 
the shadow grew broader, and the streams horter at their in- 
ward ends which were next the shadow, until upon the con- 
tact of the knives the whole light vanished, leaving its place 
to the shadow ~'''. 
The most satisfactory way of performing this experiment 
is to employ two razor-blades, whose edges are slightly con- 
vex; for then the coloured bands will be seen 
running round the dark space on either side, ,~ii~ 
as in ttle annexed figure. The position of the ~!~ zz 
dark space, and of the greatest divergence of I ~k 
the coloured bands, answers of course to the ~: : : . .  
point where the razor-blades approach one an- 
other most nearly. 
Now by the theory of Fresnel, so far from 
the centre of the spectrum being occupied by 
'a  dark space, it should be the brightest and 
most luminous part of the whole ; as will appear 
on calculating the intensity of the light at dif- 
ferent distances bythe rule which he has laid down. Suppose, 
for instanee~ the distance of the knife-blades from the hole in 
the window-shutter to be SO inches; the distance from the 
paper 21 inches; the interval between the two blades one four 
hundredth part of an inch: then we have 
J J 2 (a+b) 1 2 (S0+21) c abx ~ 400 30 x'21 x "00002512 -~ "~" 
And if x represent the distance of any point from the centre 
of the spectrum, the intensity of the light at that point should 
be as ( fdv  cos qv~) ~ + ( fdv  sin qv~) ~ 
• Opticsj Book IlL Obs. vi. 
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Prof. Graham on the Law of the Diffusion of Gases. 269 
the integrals being each taken from v = (x+' l )  to v -= (x - - ' l ) .  
Computing the intensity for each value ofx in this way, Iob -  
tain the 
Value ofx. 
0 
.1 
-2 
.3 
.4 
.5 
.6 
"7 
-8 
.9 
following results. 
Intensity Value ofx. 
of light. 
• 04 1.0 
• 04 1.1 
• 0399 1-2 
• 0398 1.3 
• 0397 1.4 
• 0396 1.5 
• 0395 1-7 
• 0393 1.9 
• 039] 2-1 
• 0389 2.3 
Intensity 
oflight. 
.0387 
.0384 
-0381 
.0378 
.0375 
.0371 
.0363 
.0355 
.0345 
-0335 
Value of x. 
2"5 
2"7 
2"9 
3-1 
3"3 
3"5 
3"7 
3"9 
4"3 
4"7 
5"1 
iIntensity 
of light. 
.0324 
.031~ 
-0300 
.o287 
"0274 
.0261 
"0248 
.0236 
.0208 
.018~ 
.0156 
It  will be seen that the intensity of  the light is a maximum 
at the centre of the spectrum; or when x, the distance from 
that centre, is equal to 0. 
I have supposed a = 80 inches, and b = 21 inches, simply 
because these appear to have been about the distances of the 
knives, from the window-shutter and fi'om the paper respec- 
tively, in Newton's observation. But if any other values are 
assigned to these latter, provided the interval between the 
two blades is very small, the same conclusion will be found to 
hold good. 
I might refer to other phamomena, which appear to me no 
less irreconcileable with the undulatory hypothesis than those 
here considered. But this seems unnecessary ; for if the pre- 
ceding rettsonings and computations involve no error, they are 
surely of" themselves ufficient o overthrow that hypothesis. 
XL IV .  On the Law of the Di~Mon of Gases. B.y TrIoMAs 
GRAHAM, Esq. M.A. F.R.S. Ed., Professor of Chemistr~ in
the Andersonian University, Glasgow. 
[Continued from p. 190.] 
2. Dfff"usion of Carbonic Acid Gas. 
T HE most satisfactory experiments with carbonic acid gas were performed by confining it over a solution of  com- 
mon salt, saturated in the cold, which absorbs this gas very 
slowly, and, instead of the diffusion-instrument with bulb, a 
long diffusion-tube was found most suitable. 
JExperiment 1.- -Thermpmeter  64 ° : dew-point 53 °. Baro- 
meter 30-13. Left in diffusion-tube 17 air, and filled up over 
brine to 197 with carbonic acid gas, which gives 180 carbonic 
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